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ABSTRACT
Two dimensional photonic crystals slabs can be recorded using a double exposure of a photoresist film to an interference
fringe pattern. In order to present an expressive PBG (photonic band gap) for a desired region of the electromagnetic
spectrum, the geometry of the 2 dimensional structures must be appropriately defined. Besides the geometric
requirements, the material itself, in which the structures are recorded, must be transparent and present high refractive
index in electromagnetic region of the PBG. In this paper we design and fabricate two dimensional PC (Photonic
Crystals) in dielectric films on glass substrates. The use of optical materials instead of semiconductors allows the
development ofprocesses able to produce P. C. for the visible part ofthe spectrum.
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1. INTRODUCTION
Materials w hich p resent a high periodic r efractive index modulation are called p hotonic crystal, in analogy with t he
periodic electric potential for the electrons in a real crystal. Such a crystal possess several interesting properties, between
them, the most known is the presence of a forbidden range of wavelengths for light propagation (called PBG -Photonic
Band Gap)"2. For wavelengths in the PBG region the light does not propagate through the periodic structure. In order to
present a complete PBG, for all directions of propagations and light polarizations, a three dimensional photonic crystal is
required2. However, the use of two dimensional structures simplifies either the calculation of the structures as the
fabrication processes, because the available planar semiconductor technology can be employed3.
Similarly to electronic crystals, if some defects are introduced in the periodic structure, the light wavelengths in the PBG
will be confined in such defects. Thus, it is possible to confine light in very small traps or to oblige the light to propagate
through the crystal in well defined paths, designed by the defects4.
2. THE DESIGN
To design the two dimensional photonic crystals we have used a software based in 2D Finite Element Method5'6 that runs
in a Mat lab platform7. In the simulation we considered a dielectric material with a refractive index "n" forming an
infinite array ofparallel cylinders surrounded by air or an infinity array of cylindrical air holes, engraved in the dielectric
material. For the calculations we have used two types of unitary cells: cubic and triangular. We choose these cells
because both can be fabricated by holographic lithography. Figure 1 and 2 show respectively the cubic and the triangular
unitary cells and their corresponding first Brilloin zone.
The band diagrams, for the directions of light propagation (shown in Figure 2), were calculated for the two orthogonal
directions of light polarization, TE and TM. TE being the direction in which the electrical light field is parallel to the x, y
plane (Figure 1) while for the TM polarization the direction of electric field is in the z axis (Figure 1) (parallel to the
cylinder axis).
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Figure 1. Scheme of the unitary cells used in the simulation: a) Cubic lattice and b) Triangular lattice
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Figure 2. Scheme ofthe first Brilloin zone corresponding to: a) Cubic lattice and b) Triangular lattice
To perform the simulations we changed the refractive index ofthe dielectric material as well as the filling factor na (ratio
between the cylinder radius r and the period of the structure). Figure 3 shows the resulting band diagram for the T. M.
polarization for the two cubic crysta' cases: an array of dielectric cylinders (n=1 .9) and an array of cylindrical holes in
the dielectric material (n=1 .9). The corresponding T.E. diagrams for the same structures do not present PBG.
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Figure 3. TM Band diagrams for a cubic lattice with rla=O.2 for: a) an array of dielectric cylinders and b) an array ofcylindrical holes
Figure 4 shows the analogous band diagram for the triangular lattice for both TB and TM polarizations. For all cases the
refractive index of the dielectric material was assumed 1.9.
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Figure 4. Band diagram for a triangular lattice with r/a= 0.38: a) an array ofdielectric cylinders (TE polarization); b) the same for the
TM polarization; c) an array ofcylindrical holes (TE polarization); and d) the same for the TM polarization
Note that for the cubic lattice (Figure 3) it appears a very narrow PBG for the TM polarization, only for the case of
dielectric cylinders with a filling factor na =0.2. This case corresponds to an average refractive index for the photonic
crystal very low (close to the air index). This fact rises difficult to the light guiding through the structure. By the other
hand for the triangular lattice (Figure 4), a PBG appears for TM polarization for an array of dielectric cylinder with the
filling factor r/a= 0.38 as well as for the array of cylindrical holes, for the same filling factor. In this last case, a larger
PBG appears but for the TE polarization.
3. THE FABRICATION
For the fabrication of the two dimensional PC layers we choose to use optical materials instead of semiconductors. This
choice is justified because the goal is to develop a fabrication technology able to produce PC for the visible part of the
electromagnetic spectrum. In this way we search for transparent dielectric films with high refractive index that can be
coated on glass substrates. Possible candidates are: Ti02, Si3N4, a-C:H films, etc. These materials can reach refractive
index of about 2 in the visible part of the electromagnetic spectrum. Due to our facility for deposition and corrosion we
start with the Si3N4 and a-C:H films.
First we have to generate the periodic two dimensional pattern in a photoresist film. The photoresist (AZ 15 18 Hochst)
films were deposited on the glass substrate, previously coated with the proper dielectric film. The photoresist is exposed
to an interference pattern generated by a holographic setup8 provided with a fringe locker system9. The fringe
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stabilization system warrants the repeatability of the expositions as well as the recording of high contrast interference
fringe pattems.
In order to generate cubic lattices the photoresist film is exposed to the same interference pattem twice, by rotating the
sample 900 between the exposures. For generating the triangular lattice the sample is also exposed twice, but now
rotating the sample of 600 between the exposures. Figure 5shows the resulting structures recorded in the photoresist for
the cubic and for a triangular lattice, both using the same fringe period of 1 tim.
a) b)
Figure 5. Two dimensional structures recorded in AZ 1 51 8 photoresist films by using double holographic exposures:
a) Cubic lattice and b) triangular or hexagonal lattice.
The direct transfer of the pattem to the thick dielectric film, using the photoresist as a mask is not possible because the
corrosion of the photoresist is in general faster than that of the dielectric film. Thus, the use of an intermediate proper
mask is required. To transfer the pattem to the mask two different processes can be used: the direct etching of the mask
material was previously coated between the dielectric film and the photoresist, or the use of a lift off process. In the lift
off process the whole lattice is covered with a thin metallic film and then the photoresist may be removed, resulting in a
metallic mask with circular apertures. Note that the lift offprocesses generates mask geometries opposite to that obtained
by the direct etching of the mask material. Both types of masks can be used for the ME (Reactive Ion Etching) of the
thick dielectric Film. Figure 6 shows a cubic structure, recorded in a 1 .5 jsm thick a-C:H film, using the lift off process.
Figure 6. Two dimensional Cubic Photonic Crystal recorded in an a-C:H film by lift off.
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4. CONCLUSION
We have designed and fabricate two dimensional photonic crystal 'ayers with two different lattices geometries: cubic and
triangular (or hexagonal), using holographic lithography. We demonstrate that it is possible to develop a new type of
technology for PC fabrication based on glass substrates and dielectric films. These materials are transparent in the visible
region o f the s pectrum and can be u sed to fabricate PC for the v isible, by reducing appropriately the period o f the
structures. The next step in our work is the design and the fabrication of photonic devices by introducing defects in the
crystal in order to measure both the PBG itself and the confinement properties ofthe photonic devices.
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